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Abstract

We use a simulated pseudo-data sample correspondirgygb" of integrated luminosity from the
CMS experiment at a pp collision energy of 10 TeV to test oanplto search for new particles
decaying to dijets. We describe the planned search anaysisinclude some early estimates of
systematic uncertainties. By construction the measujjetidass spectrum in this test agrees with the
QCD prediction. Applying our search to this pseudo-datagamve show that CMS could exclude at
95% confidence level models containing the following péetcaxigluon and flavor universal coloron
with mass belowt .8 T'eV, excited quarks with mass below8 T'eV and E diquark with mass below
1.0 TeV and mass between3 T'eV and1.7 TeV.



1 Introduction

In this note we document our plans and techniques to searahjéb resonances in early CMS data. The note is
also intended as documentation for an early CMS paper ontarfedasurement of the dijet mass distribution and a
dijet resonance search, for which there exists a draftorisased on a simulation pseudo-data sample [1].

1.1 Models

The Standard Model (SM) is the current theory of quarks aptbles and their electromagnetic, weak, and strong
interactions. However, it is not a complete theory becatisad important unanswered questions, such as: Why do
quarks come in different flavors? Why are the quarks arranggédnerations? Why are there four different forces?
How do we unify gravitation with the other forces? Why is gtawo weak? There are new theories that try to
address these questions. As these theories try to ansveer guestions, they often predict extremely short-lived
particles called resonances.

We will search for processes producing narrow resonan¢edecaying to dijets as illustrated in fig.gp — X —

jet + jet (inclusive). We will perform a generic search tha wan apply to any model. Here we introduce some
models in order of decreasing cross section at low mass, $ay aords about the cross section, and explicilty
list the partons involved in production and decay, as preslipwritten [2]. Excited states of composite quarks [3]
are strongly produced giving large cross sectiofis  ¢*). Axigluons [4] or colorons [5] from an additional
color interaction are also strongly produced, but requireaatiquark in the initial stateg§ — A or C) slightly
reducing the cross section compared to excited quarks. dkg6] from superstring inspirefls grand unified
models are produced with electromagnetic coupling fromviidence quarks of the protomd — D). The cross
section forEg diquarks at high mass is the largest of all the models corsiiidecause at high parton momentum
the probability of finding a quark in the proton is significigniarger than the probability of finding a gluon or
antiguark. Randall Sundrum gravitons [7] from a model ofjaextra dimensions are produced from gluons or
quark-antiquark pairs in the initial statef gg — G). HeavyWW bosons [8] inspired by left-right symmetric grand
unified models have electroweak couplings and require aatlc for their productiong g, — W’), giving small
cross sections. Heawy bosons [8] inspired by grand-unified models are widely apaited by theorists, but they
are electroweakly produced, and require an antiquark imtkiel stategg — Z’), so their production cross section
is around the lowest of the models considered. Table 1 suimresssome properties of these models.
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Figure 1: Feynman Diagram of dijet resonance.

ModelName | X | Color | JP [ T/(2M) | Chan
Excited Quark| g* | Triplet | 1/2% 0.02 qg
Es Diquark | D | Triplet | 0F 0.004 qq
Axigluon A | Octet | 1F 0.05 qq
Coloron C Octet 1~ 0.05 qq

RS Graviton | G | Singlet| 2~ 0.01 qq , 99
Heavy W W’ | Singlet| 1~ 0.01 qq
Heavy Z Z' | Singlet| 1~ 0.01 qq

Table 1: Propserties of Some Resonance Models

1.2 Summary of Experimental Technique

QCD dijet events are the dominant process in a hadron anilisOur experimental method to search for dijet
resonances utilizes the dijet mass spectrum. If a resonexists, it should appear in the dijet mass spectrum
as a bump. The dijet resonance shape for generic di-parsmmamces containing qq, qg and gg partons were



simulated [9] using PYTHIA [10] as resonance signals. Thesproduced a pseudo-data sample for our search.
A toy generator was written to produce random statisticadtflation in a smooth QCD background curve. It
gave us a pseudo-data sample that looks like real datalwithr ! of integrated luminosity, under the pessimistic
assumption that there are no dijet resonance signals tovabsethe real data, and we will only be setting limits.
We used this sample for our dijet resonance search. To eadctile upper cross section limit, we perform a binned
maximum likelihood method [11]. The method gives a Poisskelihood as a function of the cross section.
We convolute the statistical likelihood distribution withur Gaussian systematic uncertainty and find the 95%
confidence level upper limit on the cross section. This giress section limits for generic narrow qq, qg and gg
resonances, independent of any specific resonance modelugger limit on the cross section is then compared
with the predicted cross section for a few models to obtaisstianits on particular models.

2 Definition of Jets and Dijet Mass Spectrum

Within the standard model events with two energetic jetie(s) are expected to arise in proton-proton collisions
from parton-parton scattering. The outgoing scatteretbpamanifest themselves as hadronic jets.

Jets are reconstructed using the seedless infrared saeatgorithm with cone siz& = /(An)? + (A¢)2 =

0.7 [12]. Below we will discuss three types of jets: reconstedgtcorrected and generated. The reconstructed jet
energy,F, is defined as the scalar sum of the calorimeter tower erengside the jet. The jet momentum, is

the corresponding vector sum:= > E; 4, with 4; being the unit vector pointing from the origin to the energy
depositionE; inside the cone. The jet transverse momentp,is the component gf in the transverse plane.
The E andp of a reconstructed jet are then corrected for the non-lineswonse of the calorimeter to a generated
jet. Generated jets come from applying the same jet algoriththe Lorentz vectors of stable generated particles
before detector simulation. The corrections are chosemat on average, ther of a corrected jet is equal to
thepr of the corresponding generated jet. The corrections usetthifosimluation analysis are the CMS standard
relative and absolute jet corrections fpandp, variation of the jet response. More details on jet recorsion

and jet energy corrections can be found in [13, 14].

The dijet system is composed of the two jets with the higpesih an event (leading jets), and the dijet mass is
given bym = \/(E1 + E2)2 — (p1 + p»)2. For both leading jets required to have pseudorapidity< 1.3. The
sample we plan to use in the real data will be collected byireguat least one jet in the high level trigger with
pr > 110 GeVle. The trigger efficiency, which will be measured from a sanguiquired with a prescaled trigger
with a lowerps threshold, should be greater than 99% for dijet mass abo@eGEV 2 [15]. It is possible to
include jet data selected with a lower threshold and prescales in the analysis as well, to gain sensitivity

for lower mass resonances, but here we have restrictedleesge the simpler analysis that utilizes only one un-
prescaled trigger for the purpose of analysis speed. Backuls from cosmic rays, beam halo, and detector noise
are expected to occasionally produce events with large balanced energy depositions. They will be removed
by requiringZr/ > Er < 0.3 and)_ Er < 10 TeV, whereZy (3. Er) is the magnitude of the vector (scalar)
sum of the transverse energies measured by all calorinmters in the event. This cut is more than 99% efficient
for both QCD jet events and the signals of new physics consitidn the highpr region relevant for this search,
jet reconstruction is fully efficient. Then, the dijet mapgstrum is formed as follows;

do - 1 Nz
dmjj o det Amjj

1)
whereN; is the number of events in thieth dijet mass binAm;; is thei-th dijet mass bin width.

In Fig. 2 we present our pseudo-data of the inclusive dijetswdistribution fopp — 2jets + X, whereX can

be anything including additional jets.We plot the diffetiahcross section versus dijet mass in bins approximately
equal to the dijet mass resolution. The black curve is a sm@&ED curve from PYTHIA+CMS simulation.
The data points are produced around this smooth QCD cunfestatistical fluctuation. The data points are one
pseudo-data sample: one possible experimental outcosiagafrom a parent sample equal to the black curve.
The band shows the systematic uncertainties we expect alathend the dashed curve shows the next-to-leading
order QCD calculation [15]. The purpose of this figure in al ggablication of a null search result would be
as a confidence builder that the data is in reasonable agreemtd QCD within uncertainties, and there is no
significant evidence for dijet resonances. The plotis namhas a detailed test of perturbative QCD or as a means
of reporting the differential cross section to the comnmynit
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Figure 2: The dijet mass distribution from our pseudo-datagge (points) compared to a simulation of QCD and
the CMS detector (solid curve) and a next-to-leading ordébalculation (dashed curve). The band shows the
systematic uncertainty on the data arising primarily fréva jet energy scale.

2.1 The Signal: Dijet Resonances

The process ofix — qg, G — qg andG — gg were produced using PYTHIA [10]+CMS simulation at three
different masses 06.7 TeV, 2 TeV andb5 TeV [9]. The Fig. 3 shows the dijet mass distribution of excited
quarks for GenJets, CaloJets and Corrected CaloJets atdffferent resonance masses. The peaks of GenJets
and Corrected CaloJets are roughly at the expected resemaass. The low mass tail in the resonance shape
comes predominantly from FSR (Final State Radiation) arediigh mass tail is enhanced by ISR (Initial State
Radiation). [9]
Dijet mass resolution as a function of resonance mass istritited in Fig. 4. The resolution is calculated as
Sigma/M ean which is obtained from Gaussian fit to the core of the dijetsidistribution. It is well fit by func-
tion of

o 31.7

= 0.042
Mean + MRes

(2)
whereMg,, is resonance mass. The resolution varies ft®% at0.7 T'eV to 5% at5 TeV and is consistent with
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previous studies [19].

In Fig. 5, we present the resonance shapes which come froprdicess ofyx — ¢g, G — ¢ andG — gg at
three different masses 6f7 TeV, 2 TeV and5 TeV. Because of different detector response, ISR and FSR, the
resonance shapes are different. The width of dijet res@®increases with number of gluon because gluons emit
more radiation than quarks. These and further details ofdbenance shape are discussed in a separate note [9].
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Figure 3: Dijet mass distribution for excited quark of mas8.& T'eV (left plots),2 TeV (middle plots), and
TeV (right plots), for GenJets, CaloJets and Corrected CadoJet
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plots), ands T'eV (right plots).

The resonance shape at resonance mass values betweendretepmalues are obtained using an interpolation
technique. First, we defined a new parameter as % wherel;; is dijet mass and/g., is resonance mass.
Then we generated th¥ distribution of any resonance mass between generated Mgarte resonance masses.
Finally for resonances of mass M between generated sanglessonances of magg1 and M2, we apply the
equation

M — M1

M2 - M1 3)

Proby(x) = Proby (z) + [Prong(a:) — Prole(x)}

For example, If we want to generate tiedistribution of resonances with a massldtel’, we use the equation
below. Sincel TeV is betweer).7 T'eV and2 TeV, we used the MC sample masse® atTeV and2 TeV. It
gives the probability in eac bins of mass at7'eV'.

1-0.7
2-0.7

Probirev (x) = Proby.rrev () + [PTOszev(x) - PTObO.?TsV(x):| : 4)

Finally, the X distribution was converted to variable dijet mass bins giiterpolation technique to get resonance
shape at any resonance masses. Fig. 6 showX tistribution at0.7 T'eV, 2 TeV and5 TeV from MC samples

on the left side. The comparison &f distribution betwee.7 T'eV, 1 TeV and2 TeV is illustrated on the right
side. TheX distribution atl T'eV is betweer).7 T'eV and2 TeV as expected.

Fig. 7 shows the resonance shape of excited quark. The reseshapes with solid lines come directly from gen-
erated Monte Carlo (MC) samples. The dashed lines show somamce shape which come from the interpolation
technique for excited quarks of masslal’eV, 3 T'eV and4 TeV. It can be seen clearly that the interpolation
technique yields reasonable intermediate shapes, andweesbdfied that the interpolation technique gives exactly
the generated shapes at the endpoints. We use these resghapes to calculate cross section upper limit at any
resonance mass.
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2.2 The Background: QCD Dijet

All QCD dijet events are considered background. Inclusiyet groduction(pp — 2jets + X) is the dominanpp
process, predicted by QCD scattering of partons. Afterralgeof backgrounds from cosmic rays, beam halo and
detector noise using thr/ > Er < 0.3 requirement, QCD dijet events are the only significant baslgd for

the dijet resonance search. We generated a pseudo-datiisstatistical fluctuation in smooth QCD background
curve which already was discussed in Section 2. Fit funatitth four parameters was chosen as equation 5. We
get a reasonablg? of 23 for 32 degrees of freedom.



do (1= B+ ps(Z)m
dm ~ T ()

In Fig. 8, we present three different plots. The top plot ig.[8i shows the differential cross section of excited quark
signals as a function of dijet mass with background fit. Thigdwo left plot shows the differences between the data
and the fit function in units of the statistical error. Thesdlg defined agData-Fit)/Error, are consistent with
statistical fluctuations and are oscillating around zerothke bottom right plot the fractional difference between
the pseudo-data and the smooth background fit is compareastmance signals. Th{®ata-Fit)/Fit plot as a
function of dijet mass shows qualitatively that g* signaishwesonance mass less than roughlffeV” could be
seen or excluded. These plots demonstrate how a simple paiaation can be used to find the standard model
background in a search for dijet resonances, even if theres@stantial uncertainties in the direct comparison
between data and a fixed QCD prediction.
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3 Search for Dijet Resonances
3.1 Likelihoods

A Bayesian technique based on a binned likelihood [11] islig&alculate the limits on new particle production.
The likelihood as a function of the signal normalizatiancan be written as:

Ty e
L= H o (6)
where

n; is measured number of events in the ¢h dijet mass bin}V;(S) is number of events from signal in thie- th
dijet mass bing multiplies the signal andV; (B) is number of expected events from background initheh dijet
mass bin. We consider that QCD background is fixed to the®&stal + QC D fit to data point and it gives the
expected number of background event in the ¢th dijet mass biny;(B). This simple and conservative method
takes any upward fluctuation observed in the data consigtighta resonance as an actual resonance, and finds
the background beneath it from the simultaneous fit to thédpracnd parametrization plus resonance signal, as
was done in an early search at the Tevatron [16]. The numbsgoél in thei — th dijet mass biny;(.5),comes
from the interpolation technique on a signal for a qq, qg oregpnance with arbitrary cross section. The signal
multiplier « sets the expected signal raf€;(.S) is the signal shape, and the signal cross section in a hiivis
divided by the integrated luminosity. The signal range issgn from0.3 - Mg, t0 1.3 - Mg, Since low mass tail

is effectively lost in QCD background and resonance shapgsrizl1.3M are highly model dependent for narrow
resonances and not trusted. The signal cross section isithefsthe cross sections per bin over the signal range.
We the plot the likelihood distribution as a function of thgral cross section for resonances with mass ftofm
TeVto3.5TeVin0.1 TeV steps. Examples of likelihood distributions are showFig. 9 forqg resonances at six
different resonance masses.

In Fig. 9 we see likelihood distributions characteristicsefirching a wide mass spectrum for a resonance. The
likelihood distributions at .5, 2.5 and 3 TeV peak at zero signal cross section, indicating bieadlata in that region

is either below or at the background fit on average. Othelitiked distributions at, 2 and3.5 TeV peak at non-
zero signal cross section, with low significance, indiogtihat the data in that region is above the background
fit on average. Taking a look back at the bottom left plot of. Bgonfirms that this is indeed the case, and the
likelihood distributions reflect the statistical fluctuats inevitable over a wide mass spectrum. For the case of
the2 TeV resonance the fluctuation is particularly strong, rdygtt the level of 2, and produces a significant
increase in the upper limit discussed below.

We find the 95% confidence level upper limit on the cross sedticluding only statistical uncertaintiesys, from
the following
0095 L(o)do

I° L(o)do
Examples otrg5 values are graphically illustrated in Fig. 8.

—0.95 (8)

3.2 Upper Cross Section Limit with Statistical Error

We calculated the 95% confidence level upper limit for resaea ofqqg (or qq), gg andgg. Fig. 10 compares the
cross section limit with statistical uncertainties onlycdculated resonance cross section for six different nsodel
As discussed in the previous section, the bumps in the liroiired 1 TeV and2 TeV are caused by fluctuations
with low significance in the data around the same mass ranges.



= T L — L —— L —— T T T T T 50357 7 T T T T T T T T
() N [} d
N m,=1TeV A N m,.=15TeV
T qa e = L q 4
£0.05 ] £ 03[ ]
S 4 S r ]
£ ] £ I i
Bo.0af- ] 80.25; E
o B T o L i
£ T 1 s F ]
T T ] T 0.2~ ]
X X I h
50.03[—~ ] 3 r ]
r ] 0.15 —
0021~ . s ]
I 045=23.5 pb ] 01 —
0.01— ] 0.05[- h
) T S SR e ] G:H‘\H‘\H\ I I .
0 10 20 30 40 50 0 2 4 6 8 10 12 14

Cross Section (pb) Cross Section (pb)
5 [T T T T T 5 [T T T
8 = ] 8P =25TevV ]
o251 m=2TeV. 4 5 mg=25TeV |
XL . E 1~ .
=} r R s i
£ [ ] g r ]
B o2~ ] 10’0.8* ]
o [ ] o %L i
£ L i < o i
50151~ 7 S 0.6~ -
0.1f _ - 0.4 ]
B ! 045=5.25 pb ] L i
] L 0g5=1.54 pb 1
0.05 ! ] 0.2 —
: ] C 1
ol v L L LS T R R P I S AR ! L

0 2 4 6 8 10 12 0 2 25 3 35
Cross Section (pb) Cross Section (pb)
o P T T T T T o pTTTTTT T T T T T T
T2s — 8 20 E
= me=3TeV = m,=3.5TeV 7
< - a 8 < L q i
E T i E ]
g o = grep E
T g 316k E
g T ] 2.0 =
El,sj - §1‘4 E
= T ] 12 =
L ] 1= {
11— — : ]
L B 0.8 =
N 1 0.6f E
05~ 7 0.4 E
r ] 0.2 —
P N N N A A e Ll 1l P R N B BRI -

0 02 04 06 08 1 12 14 16 18 2 0 0.2 0.4 0.6 0.8 1 1.2 1.4
Cross Section (pb) Cross Section (pb)

Figure 9: Likelihood distribution with 95% C.L. cross sextilimit at various resonance masses for excited quark
resonances (Statistical error only).

10



1?103 E_I\ T 1 LI I LI I LI I LI B | | LI I |—§ll
£ TR [ Excited quark u
S S [t Axigluon a
JL02E N T e tauark H
x — s -
ad - A2 —e Z .
9 B N — * RSGraviton (kM =0.1) | |
s 0F E
I3} - .
Q L _
n
v 1F E
%] — -
o | :
©) B ) N
107 o gg N SN
- —e— RRR ]
- —=— g-gbar ST ]
10-2 = 1 \ . "§'-.\ \\\ —
= Lum=10 pb’ R
- Jjet etal<1.3 N ]
103k Vs=10Tev STAT. ERROR ONLY ~.
E L L L | L L L L | L L L L | L L L L | L L L L | L L L L | E
1000 1500 2000 2500 3000 3500

Resonance Mass (GeV)

Figure 10: Dijet resonance sensitivity for 10pb 95% C.L. is compared to the cross section for various resoma
models. This sensitivity contains statistical error only.

11



3.3 Systematic Uncertainties

We have considered so far the following sources of systematcertainty. This is not a complete list, but it
contains what we believe to be the dominant systematic tainées.

e Jet energy scale (JES)
e Background parametrization

e Luminosity

Jet Energy Scale (JES): The uncertainty on JES is basically the relative error lzetwthe jets in the signal simula-
tion and where the signal would emerge in the real data. Aegyatic error on the jet energy scale is a systematic
uncertainty on where a resonance signal of a given resomaass would appear in the actual measured dijet mass
spectrum. We assume that the uncertainty on JES is roughdy% and the signal simulation hasla chance of
being off by 10% in dijet mass at startup. If the signal sintiolais currently 10% higher in dijet mass than the
true value, and we need to shift it by 10% lower in mass, thenretls really more QCD background underneath
the signal than we anticipated, and finding the resonanoalksig/harder. The corresponding limits will be worse.
However, just shifting the signal and repeating the limitfers from statistical fluctuations in the data, producing
unrealistic variations in some regions more characteristithe exact spot the resonance is shifted to than to the
actual expected uncertainty. To solve this problem we gtdit a smooth version of the limits: an expected limit
rather than an actual limit. The left plotin Fig. 11 shows siiocross section limit without systematics and with
systematics on JES uncertainty fgy resonance. To get smooth cross section limit curve, exgastents from
background/N;(B), which is smooth and comes from the fit function are considlesethe measured number of
eventsn;, in thei — ¢th dijet mass bin. The smooth limit curve with 10% JES error tbemes from shifting

the signal by 10% and repeating the limits, roughly equivte simply shifting the smooth limit curve itself to
lower mass by 10% which the reader can do by eye. Fractiorsalgd between smooth limits with and without
JES uncertainty are illustrated separately §gr(or ¢q), gg and gg resonances in the right plot of Fig. 11. The
uncertainty on JES varies roughly froffi% at0.7 TeV to 30% at3.5 TeV .
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Figure 11:Left plot: Comparison of smoothed cross section limit without systiées and with systematic on JES
uncertaintyRight plot:Fractional change on limit with JES systematic uncerjaint

Background Parametrization Systematic: We considered the others functional forms with 3 and 4 patars to
parametrize the QCD background. Both functional forms vused by CDF [20].

do  (1-X)7
A ©)
do _ L= X"

dm = Po Xp2+p3ln(X) (10)

mjg

whereX = —L. Fig. 12 show comparison of fits with the data points. We fothel3 parameter form gave
the largest fractional change and we used it for BackgrowardrRetrization Systematic. The right plot in Fig. 12
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presents absolute fractional change on limitdgresonances. We smoothed the statistical variations inttke-a
lute change in the limit with a quadratic fit. The systematicertainty varies fron8% at0.7 TeV to 40% at3.5
TeV. The same effect is observed fgf (or ¢q) andgg resonances.

Luminosity: We assumed an uncertainty on luminosity of about 10% atiustar

We now have the uncertainty in the limit for each source ofaystic uncertainty. To find total the total systematic

we add these uncertainties in quadrature. The individudltatal systematic uncertainties as a function of reso-
nance mass are illustrated in Figure 13. Absolute unceytairthe cross section limit for each resonance mass is
calculated as the total fractional systematic uncertamijtiplied by upper cross section limit.
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3.4 Upper Cross Section Limit including Systematics

We convolute the statistical likelihood distributions vitur Gaussian systematic uncertainties. The width of the
Gaussian is taken as the absolute uncertainty in the crotisrséimit for each resonance mass. The equation of
convolution is [11]:

L(o") = / L(o)G(o)do (11)
0
Likelihood distributions before and after convolution vidystematic uncertainties are shown in Figure 14 along
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with the 95% CL cross section values. The method we are usingdnsidering the systematics here is oriented
towards obtaining conservative limits. Probability is matlbwed to shift into negative cross section values. The
systematic uncertainties smear the likelihood and shifbitservatively towards higher values of signal cross
section, giving larger (worse) values of the 95% CL uppeitBron the cross section.
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Figure 14: Likelihood distribution with 95% C.L. cross sectlimit at various excited quark resonance masses
including systematics. Solid line is 95% C.L. cross secliimit with statistical error only. Dashed line shows 95%
C.L. cross section limit with including systematics.

Fig. 15 shows the cross section limit fgg resonance with and without all systematic uncertaintigacttonal
change between limits for all resonances types are showiginlB. The cross section limits vary roughly from
40% at0.7 TeV t0 20% at 3.5 TeV. Fig. 15 shows that this seemingly significant changééndross section limit
produces a change in the mass limits of only alfioufTeV, or around 5%, because the theory curves for the cross
section fall so rapidly with increasing mass. Thus syst@satill not have a large effect on the mass limit for
most models with large cross sections.

14



S Excited quark B

B ST (P Axigluon N
L N — = E; diquark 4
10 g RS A, Bk E
E - z 5

[ — RS Graviton (kM =0.1) |]

Cross Section*BR*Acc. (pb)

15— N \\\ . So———0—-S _E

- o SN NN E

- \,.'\ SO - "-.7'.':~~ ~ _

L qgg AR Ty T~
10—1 — N :~,'\ ~\\\ -,.’.,7..':’ —
- —e— Including Systematic N Ts =

[~ —e— Stat. Error Only ~ :“'-.\:*\ ]

-2 — \ '\'..\...N\\\ —
1°E" Lum=10pb* Il
- |jet eta]<1.3 ~ s
103k \s=10 Tev >~

1000 1500 2000 2500 3000 3500
Resonance Mass (GeV)

Figure 15: Cross section limits f@iy resonance with and without systematic uncertainties.

ge in Limits
o (@)
w © » ©
al £ ol (63}

[@]

N

o1
II|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII

ematic Chan
R o
w

Syst
o
N

0.15

0.1

0.05

:l | I | | I — | | I — | | I — | | | | — | Ll
o500 1000 1500 2000 2500 3000 3500

Resonance Mass (GeV)

Figure 16: Fractional change on limit with including systdios.

15



Mass | 95% C.L.o - B (pb)
(TeV) | gq | a9 99
0.7 51 | 60 95
0.8 25 | 31 52
0.9 19 | 23 35
1.0 28 | 31 34
1.1 37 | 48 64
1.2 28 | 39 63
1.3 16 | 21 40
1.4 83| 11 23
15 57 | 7.3 14
1.6 42 | 56| 99
1.7 49 | 58| 8.3
1.8 69 | 76| 8.8
1.9 7.1 | 8.4 11
2.0 54 | 7.2 11
2.1 40 | 53| 9.0
2.2 30 37| 64
2.3 22 |129| 48
2.4 19 | 24| 39
25 18 | 21| 33
2.6 15119 29
2.7 1.3]|18] 29
2.8 10 | 15| 24
29 |095| 13| 20
30 | 09412 1.8
31 | 095|112 1.7
32 |097]12 1.6
33 | 097]12 1.6
34 |095| 11 15
35 |092| 11 15

Table 2: As a function of new particle mass we list our 95% Qgper limit on cross section times branching ratio
for narrow resonances decaying to dijets with< 1.3

4 Results

The dijet resonance search results from our pseudo-datpleamth 10 pb~! are listed in table 2 and illustrated
in Fig. 17. The 95% CL upper limits on the cross section areegerupper limits that can be compared with any
model calculation for which resonances that decay to dijét the cut|n| < 1.3 included in the cross section
calculation. Presenting limits this way allows theoristptopose any new model and immediately compare their
ideas with our upper cross section limits, and makes thekeasults have lasting value to the community. We do
this comparison with a few models ourselves to serve as leadts and illustrate the process.

We compare the 95% CL upper limit on the cross section to therthcross section for each model as a function
of the input resonance mass. All theory predictions are stweder calculations for dijets withy| < 1.3 using
CTEQ6GL parton distributions which were described in depaéviously [2]. For resonance masses where the
theory curve lies above our upper limit on the cross sectaritfe appropriate pair of partons we would exclude
that model with 95% CL if the real data sample were like oumnygsedata sample. For axigluons (or colorons),
which decay tayg, we would use our limits omg resonances to exclude the mass rage< M(A) < 1.8
TeV, which would extend the previous exclusions [20]1@8h < M (A) < 1250 GeV/c?. For excited quarks,
which decay toyg, we would use our limits orgg resonances to exclude the mass radge< M (gx) < 1.8
TeV/c?, which would extend the previous exclusions [20]260) < M (g*) < 870 GeVic?. For Eg diquarks,
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which decay tayq, we would use our limits opg resonances to exclude the mass rahge< M (D) < 1.0 TeV,
and1.3 < M(D) < 1.7 TeV, which would extend the previous exclusions [20R6D < M (D) < 630 GeV/c?.
The limits that arrive from this pseudo-data sample and theah published exclusions [20] are summarized in
Table. 3.
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Figure 17: Pseudo-data on the 95% CL upper limit on the cres8os times branching ratio for new particles
decaying to dijets with partons of type gluon-gluon (solictles), quark-gluon (open circles), and quark-quark
(open boxes) are compared to theoretical predictions foowa models. The limit and theory curves require that
both jets have pseudorapidityl < 1.3.

Model Name 95% C.L. Excluded Mass (TeV)
CMS (10 pb~1, /s =10 TeV) CDF (1 fb71, /s = 1.96 TeV)
Excited Quark M(gx) < 1.8 TeV M(g*) < 0.87 TeV
Axigluon, Coloron M(A) <1.8TeV M(A) < 1.25TeV
Es Diquark M(D) <1.0TeV,1.3< M(D) < 1.7TeV M(D) < 0.63TeV

Table 3: 95% C.L. Excluded Mass for various models

5 Conclusion

We have illustrated how we plan to search for dijet resonaircthe dijet mass spectrum at CMS. From a simulated
pseudo-data sample arising from the QCD predictiorifopb—! of integrated luminosity at a collision energy of
10 TeV, we measure the mass spectrum, fit the background eamdsseparately for qq, qg, and gg resonances.
If we observed this sample, which by construction did nottaomany resonances, we would set upper limits on
the cross section for generic dijet resonances which carobrgared with the cross section for any theoretical
model which decays to dijets withy| < 1.3. If we observed this sample, we would exclude at 95% confidenc
level models containing the following particles: axigluamd flavor universal coloron with mass beldvg 7eV,
excited quarks with mass beloi8 T'eV and B diquark with mass below.0 T'eV and mass between3 TeV
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and1.7 T'eV. This would significantly extend the existing limits fronmetfievatron.
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